A theory for quantitative analysis of microdisk laser emission spectra is presented.
Position in a cylinder is specified by natural axial coordinate, z, radial coordinate, r, and azymuthal angle, q. Isolated short cylinders are disks of thickness L. The design and optimization of a semiconductor microdisk laser is critically dependent on the Q of resonant optical modes as well as the spectral and spatial overlap of these modes with the active medium.
Microdisk lasers typically consist of a quantum well active region which can exhibit optical gain at, for example, λ = 1550nm . For such devices disk radius 0.5µm < R < 10µm and thickness 0.05µm < L < 0.3µm . Because of high optical confinement due to the air/semiconductor interface, in essence device models involve solving for the optical field ψ (r,θ ) in the 2-dimensional transverse direction for a medium with refractive index n = n eff . The Helmholtz equation for optical field is separable in r and θ so that ψ (r,θ ) = R(r)e iZθ and we may write
where k = n eff ω / c. Z is, in general, a complex constant. Two polarizations can be studied with the TE (TM) mode of the slab waveguide having the magnetic (electric) field in the ẑ direction E z (r,θ ) ( H z (r,θ )) with n eff = n eff TE(TM ) .
One approach to simplify the problem is to assume that optical resonances may be approximated by the whispering gallery modes (WGM) which are obtained by applying the a small radial flux of energy so α is very small. In this limit WGM behavior is a good approximation. However, since in these modes no energy leaves the cavity, radiation losses may not be calculated directly. For small disks, M is small since the resonance wavelengths can not be smaller than the wavelength in the material ( x M N ≤ 2πRn eff 2 / λ ). Therefore, in this situation, physically meaningful solutions depart considerably from the WGM picture. This paper presents results of using conformal mapping to obtain exact solutions for the resonant modes and respective losses in small optically transparent disks for which low M values are important.
The first step in the exact calculation is to follow the approach used by Heiblum and Harris to calculate loss in curved optical waveguides. 6 In this work a conformal transformation 
where plane waves in each infinitesimal slice δu propagate in the ±û direction through an index of refraction 
